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the injection molding part, in which the manufacturing
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temperature has been adjusted 1n the temperature adjustment
part, the preform 1s inserted into the temperature adjustment
part 1n a state where an outer surface temperature of the
preform 1s higher than a glass transition temperature of the
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1

PRODUCTION DEVICE AND PRODUCTION
METHOD FOR RESIN CONTAINERS

TECHNICAL FIELD

The present invention relates to a manufacturing appara-
tus and a manufacturing method for manufacturing a resin
container by a hot parison type blow molding method.
Specifically, the present invention relates to a manufacturing
apparatus and a manufacturing method for manufacturing a
resin container by a hot parison type blow molding method,
which enable a resin container having good appearance and
physical properties to be manufactured even 1 a manufac-
turing time 1s shortened.

BACKGROUND ART

Conventionally, a blow molding apparatus including an
injection molding part configured to injection-mold a pre-
form, a temperature adjustment part configured to adjust a
temperature of the preform molded 1n the mjection molding,
part, and a blow molding part configured to blow-mold the
preform whose temperature has been adjusted 1n the tem-
perature adjustment part 1s known (for example, refer to
Patent Literature 1). This type of blow molding apparatus 1s
an apparatus where the temperature adjustment part 1s added
to a conventional blow molding apparatus (for example,
refer to Patent Literature 2) mainly having the injection
molding part and the blow molding part. The preform
immediately after molded 1n the injection molding part does
not have a temperature distribution suitable for blow mold-
ing. Therefore, the temperature adjustment part capable of
more aggressively adjusting a temperature of the preform 1s
provided between the 1njection molding part and the blow
molding part, so that the temperature of the preform can be
adjusted to a temperature suitable for blow molding. Note
that, the temperature adjustment part uses a heating pot mold
(heating block) and a heating rod, and adjusts the tempera-
ture of the preform by heating the preform 1n a non-contact
mannet.

In addition, there 1s a temperature adjustment method 1n
a case of molding a container (cosmetic container) where
only a bottom portion 1s formed thick. Specifically, sug-
gested 1s a blow molding apparatus including a temperature
adjustment part for performing temperature adjustment for a
preform of the container so as to provide a temperature
distribution suitable for blow molding, 1n which outer
peripheral surfaces of a bottom portion of the preform and
a lower part of the body portion continuing to the bottom
portion are mechanically brought into close contact and
securely cooled with a cooling pot, and the body portion
except the lower part of the body portion continuing to the
bottom portion 1s heated to a predetermined temperature by
the heating block, so that a container including a bottom
portion having a desired thickness and a body portion having,
a wall portion stretched in a uniform and thin thickness when
performing blow molding i1s manufactured (for example,
refer to Patent Literature 3). In addition, suggested 1s a blow

molding apparatus configured to shorten an 1njection mold-
ing time that determines a molding cycle time by cooling a
preform 1n the mjection molding part and further cooling the
preform 1n the temperature adjustment part (for example,

refer to Patent Literature 4).

CITATION LIST
Patent Literature

Patent Literature 1: JP-A-H06-315973
Patent Literature 2: WO 2017/098673 Al
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Patent Literature 3;: WO 2013/012067 Al
Patent Literature 4: JP-A-H05-185493

SUMMARY OF INVENTION

Technical Problem

However, according to the conventional blow molding
apparatus, when the cooling time after injection molding 1s
set short, 1t 15 not possible to sufliciently remove temperature
unevenness or uniformize the temperature 1n the temperature
adjustment part. In addition, a method capable of manufac-
turing a high-quality container where thickness unevenness
and whitening (cloudiness; which occurs when a thermo-
plastic resin such as PET (polyethylene terephthalate),
which 1s likely to crystallize during blow molding, 1s used as
a material) are favorably suppressed has not been estab-
lished.

An object of the present mnvention 1s to provide a manu-
facturing apparatus and a manufacturing method for manu-
facturing a resin container, capable of manufacturing a
container of good quality even by a hot parison type blow
molding method where a molding cycle time 1s shortened.

Solution to Problem

The present invention provides a manufacturing apparatus
for manufacturing a resin container, the manufacturing appa-
ratus including: an injection molding part configured to
injection-mold a preform; and a temperature adjustment part
configured to adjust a temperature of the preform molded 1n
the injection molding part, in which the manufacturing
apparatus 1s configured to blow-mold the preform whose
temperature has been adjusted 1n the temperature adjustment
part, the preform 1s inserted into the temperature adjustment
part 1n a state where an outer surface temperature of the
preform 1s higher than a glass transition temperature of the
preform by 30° C. or higher and 60° C. or lower, and the
preform 1s cooled to a predetermined temperature suitable
for blow molding in the temperature adjustment part.

In this case, the temperature adjustment part may be
configured to sandwich and the preform with a temperature
adjustment core mold and a temperature adjustment cavity
mold to compression-deform the preform. The temperature
adjustment part may be configured to circulate air inside the
preform.

Further, the present invention provides a manufacturing
method for manufacturing a resin container including injec-
tion-molding a preform, adjusting a temperature of the
preform to which the injection-molding has been performed
in a temperature adjustment part, and blow-molding the
preform whose temperature has been adjusted, 1n which the
preform 1s inserted into the temperature adjustment part 1n a
state where an outer surface temperature of the preform 1s
higher than a glass transition temperature of the preform by
30° C. or higher and 60° C. or lower, and the preform 1is
cooled to a predetermined temperature suitable for blow
molding 1in the temperature adjustment part.

In this case, the temperature adjustment part may be
configured to sandwich the preform with a temperature
adjustment core mold and a temperature adjustment cavity
mold to compression-deform the preform. The temperature
adjustment part may be configured to circulate air inside the
preform.

Further, the present invention provides a manufacturing,
apparatus for manufacturing a resin container, the manufac-
turing apparatus including an injection molding part config-
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ured to 1njection-mold a preform, and a blow molding part
configured to blow-mold the preform molded 1n the 1njection
molding part, in which the preform 1s inserted 1nto the blow
molding part after increasing an outer surface temperature of
the preform by 80° C. or more as compared to the outer
surface temperature of the preform when the preform 1s
demolded from the 1njection molding part, the outer surface
temperature of the preform being increased by 80° C. or
more before 4 seconds or longer and 8 seconds or shorter
clapses since the preform has been demolded from the
injection molding part.

Further, the present invention provides a manufacturing
method for manufacturing a resin container using an injec-
tion molding part configured to injection-mold a preform,
and a blow molding part configured to blow-mold the
preform molded 1n the mjection molding part, the manufac-
turing method including increasing an outer surface tem-
perature of the preform by 80° C. or more as compared to the
outer surface temperature of the preform when the preform
1s demolded from the injection molding part, the outer
surface temperature of the preform being increased by 80°
C. or more before 4 seconds or longer and 8 seconds or
shorter elapses since the preform has been demolded from
the mjection molding part, and inserting the preform into the
blow molding part.

Advantageous Elflects of Invention

According to the present invention, 1t 1s possible to
provide the manufacturing apparatus and the manufacturing,
method for manufacturing a resin container, capable of
manufacturing a container of good quality even by a hot
parison type blow molding method where a molding cycle
time 1s shortened.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a perspective view of a blow molding apparatus
(including an 1njection molding part, a temperature adjust-
ment part, a blow molding part and a take-out part) accord-
ing to one embodiment of the present invention.

FIG. 2 1s an enlarged cross-sectional view of a preform
injection-molded 1n the injection molding part, as seen from
the front.

FIG. 3 1s a schematic view of the temperature adjustment
part.

FI1G. 4 shows another example of the temperature adjust-
ment part.

FIG. 5 1s a cross-sectional view showing a state where the
preform 1s blow-molded 1n the blow molding part.

FIG. 6(a) and FIG. 6(b) are graphs of a temperature
distribution when a temperature of a preform 1s adjusted.

DESCRIPTION OF EMBODIMENTS

Hereinatter, favorable embodiments of the present inven-
tion will be described with reference to the drawings.

FIG. 1 1s a perspective view of a blow molding apparatus
(including an 1njection molding part, a temperature adjust-
ment part, a blow molding part and a take-out part) accord-
ing to one embodiment of the present invention, FIG. 2 1s an
enlarged cross-sectional view of a preform 1njection-molded
in the mjection molding part, as seen from the front, FIG. 3
1s a cross-sectional view of the temperature adjustment part,
as seen from the front, FIG. 4 1s an enlarged cross-sectional
view of the preform temperature-adjusted 1n the temperature

5

10

15

20

25

30

35

40

45

50

55

60

65

4

adjustment part, and FIG. 5 1s a cross-sectional view show-
ing a state where the preform i1s blow-molded in the blow
molding part.

As shown 1n FIG. 1, a blow molding apparatus (a manu-
facturing apparatus for manufacturing a resin container) 100
1s an apparatus including an 1njection molding part 10, a
temperature adjustment part 20, a blow molding part 30, and
a take-out part 40 and configured to manufacture a container
1a by mjection-molding a preform 1 and then blow-molding
the preform 1.

The imjection molding part 10, the temperature adjustment
part 20, the blow molding part 30, and the take-out part 40
are arranged 1n alignment of forming four sides of a square,
as seen from above. A rotation plate (not shown) provided
with a neck mold 50 (refer to FIG. 3) configured to hold a
neck portion 3 (refer to FIG. 2) of a preform 1 molded 1n the
injection molding part 10 1s provided above the parts. The
rotation plate has four sets of neck molds 50 arranged in
alignment of forming four sides of a square, as seen from
above. Thereby, when the rotation plate 1s rotated about a
vertical shalt in a counterclockwise direction by 90 degrees
above the mjection molding part 10, the temperature adjust-
ment part 20, the blow molding part 30 and the take-out part
40, each of the four sets of the neck molds 50 sequentially
moves to the injection molding part 10, the temperature
adjustment part 20, the blow molding part 30 and the
take-out part 40 with the same time, so that each process 1s
performed for the preform 1 held by the neck mold 50 for the
same time.

The mjection molding part 10 includes an injection core
mold 11, an 1jection cavity mold 12 and an 1njection device
(not shown), and 1s configured to injection-mold the preform
1.

As shown 1 FIG. 2, the preform 1 has a bottomed shape
(bottomed hollow shape) having a neck portion 3 on an
opened side and a storage portion 2 (main body portion) 2
on a closed side. The preform 1 1s formed into a container
1a (refer to FIG. 5) by blow molding, and has a shape having
a thick thickness, which 1s obtained by shrinking the blow-
molded container 1a 1n an upper and lower direction and in
a right and left direction 1n FIG. 5. The storage portion 2
includes a body portion 2a on the opened side and continu-
ing to the neck portion 3, and a bottom portion 25 positioned
on the closed side and continuing to the body portion 2a. The
injection core mold 11 and the injection cavity mold 12 are
formed with a flow path (not shown) which 1s connected to
a chiller and through which a low-temperature (for example,
53¢ C. or higher and 20° C. or lower) coolant flows.

When injection-molding the preform 1, the injection core
mold 11, the imjection cavity mold 12 and the neck mold 50
are combined to define a space corresponding to the preform
1. At this time, mner surface shapes of the storage portion 2
and neck portion 3 of the preform 1 are formed by the
injection core mold 11, an outer surface shape of the storage
portion 2 1s formed by the injection cavity mold 12, and an
outer surface shape of the neck portion 3 1s formed by the
neck mold 50.

The mjection molding part 10 1s configured to form a
surface layer (skin layer) of the storage portion 2 and to
mold the preform 1 by heating and melting a material such
as a thermoplastic synthetic resin (for example, a polyester-
based resin such as PET (polyethylene terephthalate) and the
like) to high temperatures, injecting and filling the melted
material into a molding space (cavity) defined by the 1njec-
tion core mold 11, the mjection cavity mold 12 and the neck
mold 50 by the 1njection device (not shown), and cooling
and solidifying the material of a part, which 1s close to a
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mold surface (cavity surface), of the injected matenal to a
temperature lower than a melting point ({for example, about
255° C. 1n the case of PET). At this time, an nner portion
layer (core layer) of the storage portion 2 of the preform 1
1s maintained to a temperature (for example, 150° C. to 200°
C.) equal to or lower than the melting point and equal to or
higher than a glass transition temperature, and 1s adjusted to
have an amount of heat (residual heat) by which the storage
portion 2 can be stretched 1n the blow molding part 30. Note
that, 1n the present invention, a molding cycle time, 1.¢., a
molding time of the preform 1 1s shortened, as compared to
conventional art. Specifically, among an injection time (f1ll-
ing time) and a cooling time which constitute the 1njection
molding time of the preform, the cooling time 1s set signifi-
cantly shorter than that of the conventional art. For example,
the cooling time 1s set to %4 or less, preferably 2 or less, and
more preferably ¥4 or less of the injection time.

The 1mjection core mold 11 1s formed so that a traverse
cross-section of a portion corresponding to the storage
portion 2 (more specifically, the body portion 2a) of the
preform 1 1s smaller than a traverse cross-section of a
portion corresponding to the neck portion 3. Thereby, an
inner side of the mjection-molded preform 1 1s formed so
that an internal space area of the storage portion 2 1 a
direction perpendicular to an axis center Z of the preform 1
1s smaller than that of the neck portion 3.

In addition, the mjection core mold 11 1s formed so that
a traverse cross-section becomes gradually smaller toward a
position on the mold surface (cavity surface) corresponding,
to the bottom portion 25 of the preform 1. Thereby, the inner
side of the 1njection-molded preform 1 1s formed so that the
internal space area expanding 1n the direction perpendicular
to the axis center 7Z of the preform 1 becomes gradually
smaller toward the bottom portion 25 of the preform 1.

The preform 1 solidified to some extent (a degree that a
surface layer 1s formed on inner and outer surfaces of the
storage portion 2 and an outer shape can be maintained) after
injection-molded 1n the injection molding part 10 1s pulled
out (demolded) with being held on the neck mold 50 from
the mjection cavity mold 12 and the injection core mold, and
1s conveyed to the temperature adjustment part 20 as the
rotation plate 1s rotated 1n the counterclockwise direction by
90 degrees as shown in FIG. 1. Since the preform 1 1s
demolded from the injection molding part 10 at a higher

temperature than the conventional art, the surface layer of

the storage portion 2 1s formed thin but the inner layer 1s
formed thick, so that the residual heat higher than that of the
conventional art 1s maintained.

The temperature adjustment part 20 1s arranged next to the
injection molding part 10, and 1includes one of a temperature
adjustment core mold 21 or an air introduction/discharge
member 61, and a temperature adjustment cavity mold 22, as
shown 1n FIGS. 3 and 4.

The preform 1 conveyed from the injection molding part
10 1s moved down together with the rotation plate until the
neck mold 50 comes in contact with a centering ring 60
attached on the temperature adjustment cavity mold 22, and
1s mserted nto the temperature adjustment cavity mold 22.
When the preform 1 is inserted in the temperature adjust-
ment cavity mold 22, the temperature adjustment core mold
21 or the air introduction/discharge member 61 1s inserted
into the preform 1 through an upper opening formed on the
neck portion 3 of the preform 1. Note that, in a case of using,
the temperature adjustment core mold 21, the preform 1 may
be 1nserted into the temperature adjustment cavity mold 22
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together with the temperature adjustment core mold 21 after
the temperature adjustment core mold 21 1s inserted 1nto the
preform 1.

The temperature adjustment core mold 21 and the tem-
perature adjustment cavity mold 22 are cooled to 10° C. or
higher and 90° C. or lower, and preferably 60° C. or higher
and 80° C. or lower as a coolant (temperature adjustment
medium) flows through a tlow path formed therein. The air
introduction/discharge member 61 i1s configured to cause a
compressed air for cooling of a predetermined temperature
to flow 1n the storage portion 2. The preform 1 demolded
from the mnjection molding part 10 1n a higher temperature
state than the conventional art and conveyed to the tempera-
ture adjustment part 20 1s too high in temperature for blow
molding, and also has temperature unevenness that has not
been completely eliminated by cooling during conveying.
By contact with the temperature adjustment core mold 21
and the temperature adjustment cavity mold 22 or by bring-
ing the outer surface into contact with the temperature
adjustment cavity mold 22 and blowing out the compressed
air from the air introduction/discharge member 61 to the
inner surface, the preform i1s cooled and 1s temperature-
adjusted to a temperature suitable for blow molding.

FIG. 3 shows an example where the storage portion 2 of
the preform 1 1s cooled by the temperature adjustment cavity
mold 22 and the temperature adjustment core mold 21. The
temperature adjustment core mold 21 i1s formed with a
narrowed portion 23a so as to prevent contact with the neck
portion 3 when inserting the temperature adjustment core
mold 21 into the temperature adjustment cavity mold 22.

The temperature adjustment core mold 21 of the present
embodiment has a tapered shape with an angle smaller than
the tapered 1njection core mold 11 of the 1injection molding
part 10. Thereby, 1t 1s possible to compression-deform the
preform 1 from a shape that can be easily removed
(demolded) or molded from the injection molding part 10
into a desired shape that can be easily blow-molded.

As shown i1n FIG. 3, the temperature adjustment part 20
1s provided so that the temperature adjustment core mold 21
contacts and presses the substantially entire inner surface of
the storage portion 2 of the preform 1 and the temperature
adjustment cavity mold 22 contacts and presses the substan-
tially entire outer surface of the storage portion 2 of the
preform 1. Thereby, even when the preform 1 1s 1rregularly
shrinkage-deformed after being demolded from the 1njection
molding part 10, the shape of the preform 1 can be corrected
by sandwiching the storage portion 2 of the preform 1
between the temperature adjustment core mold 21 and the
temperature adjustment cavity mold 22. Here, the tempera-
ture adjustment part 20 may adjust the temperature inside
and outside of the preform 1 at the same time while forcibly
compression-deforming the preform 1 having a primary
shape during injection molding into the preform 1 having a
secondary shape suitable for blow molding into a final
container 1a by cooling the preform 1 while pressurizing
and sandwiching the preform 1 with the temperature adjust-
ment core mold 21 and the temperature adjustment cavity
mold 22.

Note that, 1n the present embodiment, the storage portion
2 of the preform 1 1s cooled while pressurizing and sand-
wiching the same with temperature adjustment core mold 21
and temperature adjustment cavity mold 22. However, the
present mvention i1s not limited. For example, as shown in
FIG. 4, the preform 1 may also be cooled using an alterna-
tive temperature adjustment part having the temperature
adjustment cavity mold 22 and an air introduction/discharge
member 61.
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FIG. 4 shows an example where the storage portion 2 of
the preform 1 1s cooled by the temperature adjustment cavity
mold 22 and the air introduction/discharge member 61. In
FIG. 4, the air introduction/discharge member 61 1ncludes a
hollow rod member 62 having an air flowing hole provided
therein, and a fitting core (a blow core member for tempera-
ture adjustment) 63.

The rod member 62 1s accommodated to be movable up
and down 1n the fitting core 63. A tip end of the rod member
62 1s provided with an inner flowing port 62a through which
air can be jetted or sucked. A temperature of the air 1s set as
appropriate within a range of about 0° C. to about 20° C.
(room temperature), according to a thickness of the preform
1 or the container 1a.

The fitting core 63 1s configured to be fitted to (brought
into close contact with) the neck portion 3 when the air
introduction/discharge member 61 1s 1nserted into (brought
into contact 1 an airtight manner with) the preform 1.
Thereby, 1t 1s possible to prevent the air 1 the preform 1
from leaking from the neck portion 3 toward an outer side
of the fitting core 63. A gap between the rod member 62 and
the fitting core 63 1s an air flowing path for supplying/
discharging the air with respect to the preform 1. A gap
tformed by a tip end of the fitting core 63 and the rod member
62 constitutes a first outer flowing port 64 through which the
air can be jetted or sucked. Fach of the inner flowing port
62a and the outer flowing port 64 can serve as a blowing port
and a discharge port.

When adjusting the temperature of the preform 1, the
preform 1 1s first accommodated 1n a preform-shaped space
of the temperature adjustment cavity mold 22. Then, the air
introduction/discharge member 61 1s 1nserted into (brought
into contact in an airtight manner with) the preform 1
accommodated 1n the cavity mold 22. Then, 1n a state where
the first inner flowing port 62a 1s closed, preliminary blow
of blowing the air from the outer flowing port 64 of the air
introduction/discharge member 61 into the preform 1 to
bring the storage portion 2 of the preform 1 into close
contact with an mner wall of the cavity mold 22 1s per-
formed.

When the preliminary blow 1s over, cooling blow of
opening the mner tlowing port 62a to introduce air from the
inner tlowing port 62a mto the preform 1 and discharging
the air to an outside of the preform 1 through the outer
flowing port 64 1s performed. In this way, 1n the preliminary
blow and the cooling blow, 1t 1s preferable to set the flowing
directions of the air 1n opposite directions. At this time, since
the air 1s continuously jetted from the inner flowing port 62a,
the preform 1 1s cooled from the mner side by convection of
the air flowing 1n the preform 1. Further, since the preform
1 1s 1n continuous contact with the cavity mold 22, the
preform 1s temperature-adjusted or cooled so as not to be
equal to or lower than a temperature suitable for blow
molding from an outer side, and the temperature unevenness
caused during the injection molding 1s also reduced. Note
that, since the cavity mold 22 has the preform-shaped space,
the shape of the preform 1 does not largely change. The
preform 1 cooled for a predetermined time 1s moved to the
blow molding part 30.

Note that, the air flowing direction of the air introduction/
discharge member 61 can be changed as appropriate. For
example, as shown 1n FIG. 4, during the cooling blow, the
air may be sent from the outer flowing port 64, may pass an
inside of the rod member 62 from the inner flowing port 62a
and may be then discharged. At this time, during the
preliminary blow, the air 1s preferably sent from the inner
flowing port 62a nto the preform 1, 1n a state where the
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outer flowing port 64 1s closed. In a case where 1t 1s intended
to 1ncrease a cooling eflect on the lower side (the bottom-
side of the storage portion 2) of the preform 1, the air 1s
caused to flow from the inner tflowing port 62a toward the
outer tlowing port 64. In a case where it 1s intended to
increase a cooling eflect on the upper side (the upper side of
the storage portion 2) of the preform 1, the air 1s caused to
flow from the outer tlowing port 64 toward the iner tlowing
port 62a. Note that, for example, 1n a case where 1t 1s
intended to 1ntensively cool a specific part of the preform 1
to thereby increase a thickness of a specific part of the
container la, the blowing directions of the air during the
preliminary blow and the cooling blow may be set to be the
same.

If the PET material 1s slowly cooled to a temperature zone
of about 120° C. to 200° C., whitening or cloudiness 1is
caused due to crystallization. Therefore, 1n order to manu-
facture the highly clear container 1a (refer to FIG. 5) from
the preform 1 demolded 1n a high-temperature state from the
injection molding part 10, it 1s necessary to quickly cool the
preform 1 to a crystallization temperature range or lower. At
this time, 1 a case of the preform 1 having a thick wall
portion 5 at the storage portion 2, especially at the body
portion 2b, 1t was diflicult to sufliciently cool a center of the
wall portion 5 in the conventional art. However, in the
temperature adjusting method shown in FIG. 3, the wall
portion 5 of the preform 1 1s compression-molded even
when the wall portion 5 of the preform 1 1s thick, and 1n the
temperature adjusting method shown 1n FIG. 4, the cooling
air 1s caused to blow into the preform 1. Therefore, it 1s
possible to significantly improve the efliciency of the tem-
perature unevenness removing, the temperature uniformiz-
ing and the cooling. In addition, since the temperature
distribution suitable for blow molding as a whole 1s
obtained, 1t 1s possible to prevent unevenness of the thick-
ness of the container 1a, which 1s a final form.

The preform 1 temperature-adjusted in the temperature
adjustment part 20 1s pulled out from the temperature
adjustment cavity mold 22 with being held by the neck mold
50, and 1s conveved to the blow molding part 30 as the
rotation plate 1s further rotated in the counterclockwise
direction by 90 degrees as shown in FIG. 1.

As shown in FIG. 1, the blow molding part 30 1s arranged
next to the temperature adjustment part 20, and has a blow
mold 31 and an air blowing portion (not shown).

A mold surface, which corresponds to a shape of the
container 1a, 1s formed on an 1nner side of the blow mold 31,
and the bow mold 31 1s much larger than the temperature
adjustment cavity mold 22 of the temperature adjustment
part 20.

The air blowing portion 1s provided so as to fill the air 1n
the preform 1 inserted in the blow mold 31.

When the preform 1 conveyed to the blow molding part
30 1s inserted 1nto the blow mold 31, the air blowing portion
1s connected to the opening of the neck portion 3 of the
preform 1 and the air 1s blown from the air blowing portion
into the preform 1, the storage portion 2 of the preform 1 1s
inflated until the entire outer surface of the storage portion
2 comes 1nto close contact with and 1s pressed to the mold
surface of the blow mold 31, as shown 1n FIG. 5, so that the
container 1la 1s molded.

The preform 1 (container 1a) blow-molded 1n the blow
molding part 30 1s pulled out from the blow mold 31 with
being held by the neck mold 50, and 1s conveyed to the
take-out part 40 as the rotation plate 1s further rotated 1n the
counterclockwise direction by 90 degrees, as shown 1n FIG.

1.
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As shown 1n FIG. 1, the take-out part 40 1s arranged
between the blow molding part 30 and the injection molding
part 10. In the take-out part 40, the neck mold 50 1s opened,
so that the container 1a 1s not held any more. As a result, the
container 1a 1s dropped, so that the container 1a 1s taken out
from the blow molding apparatus 100.

In the blow molding apparatus 100 of the present embodi-
ment, the preform 1 1s demolded from the injection cavity
mold 12 1n the high-temperature state 1n which the preform
1 1s cooled only to such a degree that the outer shape thereof
can be maintained. Specifically, before an outer surface
temperature (a temperature of a surface layer of an outer
peripheral surface of the body portion 2a) of the body
portion 2a of the preform 1 demolded from the injection
molding part 10 becomes higher than an inner surface
temperature (a temperature of a surface layer on an inner
peripheral surface of the body portion 2a) of the body
portion 2a, for example, at a temperature at which the outer
surface temperature 1s higher than the glass transition tem-
perature of the preform 1 by 30° C. or higher and 60° C. or
lower, the preform 1 1s 1nserted (carried) into the tempera-
ture adjustment part 20. The temperature adjustment part 20
1s configured to cool the mner layer via the surface layers so
as to lower the outer surface temperature of the preform 1 by
15° C. or higher and 30° C. or lower from a temperature at
a time when the preform 1 is inserted (carried) into the
temperature adjustment part 20. Note that, the glass transi-
tion temperature of the preform 1 made of PET 1s about 75°
C., for example.

Usually, the preform 1 molded with suilicient time 1n the
injection molding part 10 tends to strongly contact the
injection core mold 11 by shrinkage of the resin and to
separate from the ijection cavity mold 12, so that the outer
surface temperature of the preform 1 1s higher than the inner
surface temperature at a time when the preform 1s conveyed
to the temperature adjustment part. Further, a temperature
gradient (heat gradient) between the mnner layer and the
surface layer of the preform 1 1s relatively small.

On the other hand, the blow molding apparatus 100 of the
present embodiment 1s configured so that the preform 1 1s
conveyed to the temperature adjustment part 20 at a much
higher temperature as compared to that of the conventional
art. Since the preform 1 1s demolded from the 1njection core
mold 11 and the injection cavity mold 12 i the injection
molding part 10 1n a state where the residual heat of the inner
layer 1s higher than that of the conventional art, the tem-
perature gradient between the inner layer and the surface
layer becomes greater than that of the conventional art.
Therefore, heat exchange by the heat transier between the
inner layer and the surface layer of the preform 1 1s actively
performed. Thereby, during the conveying to the tempera-
ture adjustment part 20, the outer surface temperature of the
preform 1 1s once increased by return heat (transfer of heat
from the inner layer to the surface layer), so that the
temperature difference between the inner layer and the
surface layer 1s significantly reduced and the temperature
uniformizing and the temperature unevenness removing are
promoted using the short conveying time between the injec-
tion molding part 10 and the temperature adjustment part 20
(a demolding operation time of the injection molding part 10
and a conveying time from the 1njection molding part 10 to
a next process, for example 4.0 seconds or longer and 12.0
seconds or shorter, and more preferably 4.0 seconds or
longer and 8.0 seconds or shorter). Specifically, the high-
temperature demolding promotes the transier of heat to such
a degree that the temperature of the surface layer of the
preform 1 rapidly rises from a temperature (for example,
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5.0° C. to 20.0° C.) close to the injection molding mold to
a temperature of 110° C. or higher and 130° C. or lower,
thereby improving the eflects of uniformizing the tempera-
ture and removing the temperature unevenness of the pre-
form 1 (during the conveying time, the temperature of the
surface layer of the preform 1 1s rapidly increased to 110° C.
or higher and 130° C. or lower with respect to a setting
temperature (for example, 5.0° C. or higher and 20° C. or
lower) of the mjection mold). At the same time, during the
conveying time, the preform 1 i1s cooled by the outside air
and the extra heat of the preform 1 generated by the
high-temperature demolding 1s discharged to the outside atr,
so that the cooling time of the inner layer required 1n the next
process (the temperature adjustment part 20 or the blow
molding part 30) i1s shortened. Accordingly, the cooling
clliciency of the inner layer and the temperature adjusting
ciliciency of the inner layer and the surface layer of the
preform 1 1in the temperature adjustment part 20 are
improved. As a result, 1t 1s possible to lower the temperature
of the preform to a temperature lower than the crystallization
temperature range in a short time, to adjust the preform to a
temperature distribution state suitable for stretch orientation
in a short time, and therefore, to manufacture a container
having high transparency and physical properties in a short
time. Further, due to the high-temperature demolding, the
surface layer of the preform 1 1s put to high temperatures and
soltened before the next process, so that the roughness
originating from the injection core mold or the i1njection
cavity mold transierred to the surface layer of the preform 1
can be eliminated. Accordingly, the roughness of the surface
layer of the preform 1 immediately before the blow molding
can be reduced, as compared to the conventional art, so that
the contaimner la whose surface roughness i1s small and
surface gloss 1s high can be manufactured.

Heremaftter, the temperature adjustment of the preform 1
injection-molded in the 1njection molding part 10, which 1s
performed 1n the temperature adjustment part 20, 1s specifi-
cally described.

FIG. 6 1s a graph of a temperature distribution of the
preform when a temperature of a preform 1s adjusted.

(a) of FIG. 6 shows a temperature distribution immedi-
ately before temperature adjustment (cooling) in the tem-
perature adjustment part. In (a) of FIG. 6, the horizontal axis
indicates positions in the thickness direction, the vertical
ax1s indicates temperatures, a temperature distribution curve
C1 indicates a temperature distribution before temperature
adjustment of the conventional art 1n which a predetermined
conveying time (about 5 seconds, specifically, 4.0 seconds or
longer and 8.0 seconds or shorter) has elapsed immediately
alter demolding, and a temperature distribution curve C2
indicates a temperature distribution before temperature
adjustment of the present embodiment 1n which the prede-
termined conveying time (about 5 seconds, specifically, 4.0
seconds or longer and 8.0 seconds or shorter) has elapsed
immediately after demolding. Further, in (a) of FIG. 6, a
temperature distribution curve Cla indicates a temperature
distribution immediately after demolding from the 1njection
molding part 10 of the conventional art, and a temperature
distribution curve C2a indicates a temperature distribution
immediately after demolding from the injection molding
part 10 of the present embodiment.

(b) of FIG. 6 shows a temperature distribution 1immedi-
ately after temperature adjustment (cooling) 1n the tempera-
ture adjustment part. In (b) of FIG. 6, the horizontal axis
indicates positions 1n the thickness direction, the vertical
axis indicates temperatures, a temperature distribution curve
C3 indicates a temperature distribution after temperature
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adjustment of the conventional art, and a temperature dis-
tribution curve C4 indicates a temperature distribution
before temperature adjustment of the present embodiment.
Also, a temperature distribution curve C5 shown with a
broken line indicates a temperature distribution immediately
alter the temperature of the preform 1s adjusted by a cold
parison method.

In the blow molding apparatus 100 of the present embodi-
ment, as shown with the temperature distribution curves C2
and C2a 1n (a) of FIG. 6, the outer surface temperature of the
preform 1 1s 1increased from about 20° C. to about 120° C.,
1.€., by about 100° C. during the conveying time of about 5
seconds immediately after demolding from the injection
molding part 10, and 1s rapidly increased by 80° C. or more
in a short time. Specifically, 1n the blow molding apparatus
100 of the present embodiment, as shown with the tempera-
ture distribution curve C2 in (a) of FIG. 6, the preform 1 1s
inserted into the temperature adjustment part 20 1n a state
where the outer surface temperature of the preform 1 1s
higher than about 73° C., which 1s the glass transition
temperature of the preform 1 made of PET, by about 30° C.,
1.e., 1s about 115° C. At this time, the 1inner surface tem-
perature of the preform 1 1s about 117° C., and the outer
surface temperature 1s lower than the inner surface tempera-
ture.

On the other hand, 1n the temperature adjustment by the
conventional art, as shown with the temperature distribution
curves C1 and Cla, the outer surface temperature of the
preform 1 can be increased from about 20° C. to about 80°
C., 1.e., only by about 60° C. during the conveying time of
about 5 seconds immediately after demolding from the
injection molding part 10. Specifically, 1n the temperature
adjustment by the conventional art, since the injection
molding process 1s performed for a long time and the
preform 1s thus cooled for a long time, the preform 1s
inserted into the temperature adjustment part 1n a state where
the outer surface temperature of the preform 1 1s about 87°
C., as shown with the temperature distribution curve C1. At
this time, the outer surface temperature 1s higher than the
inner surface temperature.

Since the temperature adjustment part 20 of the present
embodiment 1s configured to adjust the temperature of the
preform 1 mainly 1n the temperature adjustment part 20, the
outer surface temperature of the temperature-adjusted pre-
form 1 1s lowered to about 85° C., as shown with the
temperature distribution curve C4 in (b) of FIG. 6. At this
time, the outer surface temperature 1s higher than the inner
surface temperature.

On the other hand, 1n the temperature adjustment by the
conventional art, since the heat accumulated at the center of
the wall portion of the preform 1s transferred to the inner
surface and the outer surface of the preform, the outer
surface temperature of the temperature-adjusted preform 1 1s
increased to about 102° C., as shown with the temperature
distribution curve C3. At this time, the outer surface tem-
perature 1s higher than the inner surface temperature.

In addition, 1n the temperature adjustment of the preform
prepared by the cold parison method, the outer surface
temperature of the preform temperature-adjusted from a
room temperature state 1s increased to about 100° C., as
shown with the temperature distribution curve C5. At this
time, the outer surface temperature 1s higher than the inner
surface temperature, and the outer surface temperature 1s
substantially same as the outer surface temperature as shown
with the temperature distribution curve C3 which 1s tem-
perature adjustment of the conventional art by the hot
parison method.
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The blow molding apparatus 100 of the present embodi-
ment 1s configured to mnsert the preform 1 1nto the tempera-

ture adjustment part 20 1n a state where the outer surface
temperature of the preform 1 1s higher than the glass
transition temperature of the preform 1 by 30° C. or higher
and 60° C. or lower, and to cool the preform 1 to a
predetermined temperature suitable for blow molding in the
temperature adjustment part 20. Thereby, the injection mold-
ing process can be performed in a short time, so that the
molding cycle time can be shortened and the preform can be
su

iciently cooled in the temperature adjustment part 20.
Therefore, 1t 1s possible to manufacture a container having
a favorable quality even by the hot parison type injection
blow molding mold.

Further, under molding conditions of the present embodi-
ment where the cooling time of the injection molding
process 15 set to 3 or shorter of the filling time, preferably
12 or shorter, and more preferably V3 or shorter, the preform
1 1s demolded from the injection molding part 10 in a higher
temperature state than the conventional art. Thereby, during
the short conveying time (for example, 4 seconds or longer
and 12 seconds or shorter, more preferably, 4.0 seconds or
longer and 8.0 seconds or shorter) from the injection mold-
ing part 10 to a next process, the temperature of the preform
1 can be efliciently uniformized and can be thus lowered (an
amount of heat 1s reduced), as a whole, as compared to the
conventional art. In addition, the cooling time of the preform
1 or container 1a 1n a next process (the temperature adjust-
ment part 20 or the blow molding part 30) can be shortened.
As a result, even when the molding cycle time 1s shortened
as compared to the conventional art, the container 1a whose
appearance defects are suppressed can be manufactured.

Although the present mvention has been described with
reference to the embodiment, the present mvention 1s not
limited thereto. For example, in the above embodiment, the
temperature adjustment part 20 configured to cool the pre-
form 1 while sandwiching the preform with the temperature
adjustment core mold 21 and the temperature adjustment
cavity mold to compression-deform the preform 1 1s used.
However, the present invention 1s not limited thereto. A
temperature adjustment part configured to arrange a preform
between a temperature adjustment rod and a temperature
adjustment pot and to blow and circulate the air inside the
preform from the temperature adjustment rod may also be
used as long as the outer surface temperature of the preform
can be cooled by 15° C. or more 1n the temperature adjust-
ment part.

In the above embodiment, the injection-molded preform 1
1s cooled using the temperature adjustment part 20. How-
ever, the present invention 1s not limited thereto. The tem-
perature adjustment part does not necessarily need to be
used if the preform 1 can be cooled to a predetermined
temperature suitable for blow molding.

REFERENCE SIGNS LIST

. preform

. storage portion

. neck portion

. gate

. wall portion

10: mjection molding part
11: mjection core mold
12: mjection cavity mold

la: container

20: temperature adjustment part
21:

temperature adjustment core mold
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temperature adjustment cavity mold

blow molding part

blow mold

take-out part

50: neck mold

60: ring

100: blow molding apparatus (manufacturing apparatus
for manufacturing resin container)

7 axis center

22:
30:
31:
40):

The invention claimed 1s:
1. A manufacturing apparatus for manufacturing a resin
container, the manufacturing apparatus comprising:

an 1njection molding part configured to 1njection-mold a
preform; and

a temperature adjustment part configured to adjust a
temperature of the preform molded in the imjection
molding part,

wherein the manufacturing apparatus 1s configured to
blow-mold the preform whose temperature has been
adjusted 1n the temperature adjustment part,

wherein the 1njection molding part includes an injection
core mold and an 1njection cavity mold, and both the
injection core mold and the injection cavity mold
include a tflow path connected to a chiller in which
coolant 1s configured to tlow to cool the preform such
that the preform 1s inserted into the temperature adjust-
ment part in a state where an outer surface temperature
of the preform 1s higher than a glass transition tem-
perature of the preform by 30° C. or higher and 60° C.
or lower,

wherein the preform 1s cooled to a predetermined tem-
perature suitable for blow molding i the temperature
adjustment part.

2. The manufacturing apparatus for manufacturing the

resin container according to claim 1,

14

wherein the temperature adjustment part 1s configured to
sandwich the preform with a temperature adjustment
core mold and a temperature adjustment cavity mold to
compression-deform the preform.
5 3. The manufacturing apparatus for manufacturing the
resin container according to claim 1,
wherein the temperature adjustment part 1s configured to
circulate air mside the preform.
4. A manufacturing method for manufacturing a resin
1o container, the manufacturing method comprising:
injection-molding a preform:;
adjusting a temperature of the preform to which the
injection-molding has been performed 1n a temperature
adjustment part; and
blow-molding the preform whose temperature has been
adjusted,
wherein the preform 1s inserted into the temperature
adjustment part 1n a state where an outer surface
temperature of the preform i1s higher than a glass
transition temperature of the preform by 30° C. or
higher and 60° C. or lower; and
wherein the preform 1s cooled to a predetermined tem-
perature suitable for blow molding in the temperature
adjustment part.
5. The manufacturing method for manufacturing the resin
container according to claim 4,
wherein the temperature adjustment part 1s configured to
sandwich the preform with a temperature adjustment
core mold and a temperature adjustment cavity mold to
compression-deform the preform.
6. The manufacturing method for manufacturing the resin
container according to claim 4,
wherein the temperature adjustment part 1s configured to
circulate air inside the preform.
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